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To take full advantage of the increased resolving power of the electron micro-
scope for the examination of biological materials it was necessary to develop new
methods for the preparation of ultra-thin tissue sections. In our studies of the
viruses which infect human skin it became apparent that knowledge of the cytol-
ogy and histology of normal cells was essential for an understanding of the
diseased cell. This paper reports some of our observations on the preparation and
examination of sections of human skin with the electron microscope.
MATERIALS AND METHOD5
The electron beam of the microscopes available will not penetrate sections of tissne
thicker than 0.1—0.2 micra. Gessler (0) and co-workers devised a high speed microtome
and Neuman, Borysko, and Swerdlow (12) used a thermal expansion procedure to cut
sections of appropriate thickness. Pease and Baker, hnwever, modified the advancing
mechanism of a standard Spencer microtome to achieve the same result (15).
Although we have used the thermal expansion technic, most of our work has been done
with the Pease and Baker technic as subsequently modified by Hillier and Gettner (8) and
Rhoades (16).
One of tbe prerequisites of cutting such thin sections is a hard embedding media. The
Bureau of Standards group used polymerized methacrylate resin (12) which has been
employed by some of the subsequent workers. For the most part we have used the double
celloidin and 650 paraffin method of Pease and Baker (15). Removal of the embedding media
with solvents, as Hillier (7) and Watson (18) have pointed out, produces artifacts con-
sisting of empty spaces and pseudo fibers which are not present in the living state. Such
artifacts are particularly troublesome in studying skin for they tend to distort and accen-
tuate the intercellular bridges of the prickle cell layer and the relationships of one epi-
dermal cell to another and of the connective tissue fibers of the corium, as well as all other
cells. To obviate this Hillier examines the tissue without removing the embedding media,
but we have been unable to obtain adequately clear and distinct pictures under such con-
ditions. Watson sublimes the media in the vacuum of the electron microscope itself using
the electron beam with the condenser removed as the heat source (18), but most w orkers,
including ourselves, are still using solvents such as xylol, ether, or amylacetate.
The microtome knife has also received attention. Needless to say, it must have the
finest edge obtainable. If a steel knife is used it must be prepared with infinite patience
and care. Hillier has made several useful suggestions for sharpening the knife. We have not
found it necessary to determine the angle of the knife during cutting as precisely as Pease
and Baker contend (2). Most of our material was prepared with a steel knife because we
found it difficult to separate and flatten the sections after cutting them with the type of
glass knife devised by Latta and Hartmann (10).
Fixation of tissue for electron microscopy has been discussed by many investigators
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(5, 13, 14). It is apparent that different fixatives produce markedly different cytologic
details. To determine the structure of the living cell as closely as possible it is necessary
to distinguish between "reprodncible artifacts", caused by processing the tissue, and
valid structural entities. Not only may new pseudo structures be produced but existing
components may be markedly distorted. Fixation is probably the most important cause of
such distortion. The studies of Barer (3), of Borysko and Bang (4) and of Ornstein and
Pollister (13) comparing the phase contrast image with the electron micrograph are very
helpful in recognizing artifacts which may be produced by the histologic manipulation.
Most workers are agreed that acidic fixatives prodnce nuclear distortion and coarse pre-
cipitation of proteins. Osmium tetroxide generally is thought to cause least cytologic dis-
tortion particularly when buffered to a pH of 7.4 as demonstrated by Palade (14).
Tissue was obtained by biopsy of patients, some being the normal areas of skin
surronnding a lesion removed by wide excision for other studies. It was cut into
pieces 1—2 mm on a side and fixed for approximately 45 minutes in 1% aqueous
osmium tetroxide buffered to pH 7.4 with citrate-phosphate buffer. Duplicate
pieces of some tissues were fixed iu 4% formaldehyde also buffered to pH 7.4.
Following fixation the specimen was washed, dehydrated, and embedded in
celloidin and 65°C paraffin according to the method of Pease and Baker. Sections
were cut with a Spencer microtome modified after Pease and Baker, Hillier and
Gettner, and Rhoades. The sections were floated on a water-alcohol solution
from which they were picked up directly onto Formvar coated copper mesh
screens. After drying, the embedding media was removed as gently as possible
with ether and xylol. At suitable intervals in the series, additional sections were
mounted on glass slides for staining examination and orientation with the light
microscope. Wright's stain proved most satisfactory for rapid and adequate
staining of these thin sections.
The unstained sections were examined in an RCA electron microscope, model
EMil with the wide angle pole piece designed for tissue work (7). Shadow casting
was not used in the present studies.
RESULT5 AND DISCUSSION
Figure 1 a and b demonstrate the superiority of osmium tetroxide over formal-
dehyde as a fixative for human epidermis even though both solutions are buffered
to a pH of 7.4. The nuclei of the osmic fixed cells are very similar to those seen in
other tissues such as liver, kidney, etc. The large granules present in the nuclei of
formalin fixed material probably corresponds to the "chromatin granules" ordi-
narily observed in stained tissues fixed \vith agents other than osmium. Such
"chromatin" clumps probably do not reflect the living state however and are
"reproducible artifacts". Phase microscopy of living cells, as in tissue culture,
must be the standard for comparison following histologic processing.
Between the epithelial cells in Figures la, lb, 2a, and 4a intercellular bridges
can be seen. It is our impression, however, that during the preparation of these
sections, as in those published by Adolph, Baker, and Leiby (1), the "prickles"
have been distorted. They seem to have been pulled out into longer thinner
fibers, with excessive empty spaces surrounding them, than would be present in
the living state. They almost certainly correspond to the classical intercellular
is
lb
Yzo. la Prickle layer cells from specimen fixed in 1% osmIum tetroxide buffered to
pH IA. The nuclei are quite homogeneous with distinct dense granular nucleoli. (X 6620).
lb. Same biopsy specimen as a.) but fixed In 4% formaldeyde buffered to pH 7.4. More
distortion of the cells and particularly the nuclei Is evident. (X 6620).
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Pm. 2.. Squamous epithelial cells of stratum spinosum fired In osmium tetrozide. The
Intercellular priekles and nodes of Blssosero are lees distorted than In Plgures 1 or 4a, and
some of them seem to extend Into the cytoplasm. CX 4430). . Section of osmium fixed
cerium. The large black bodies are erythroeytes, five of which are In a blood vesel. The
others have adhered to the excised tisue, whose bottom edge extends acres the center of
the ifiustratlon. CX 2880).
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Fio. 3. Basal layer of epidermis from normal periphery of a molluscum contagiosum
lesion. The nuclei containing nucleoli and cytoplasmic granules presumably mitochondria
can be seen. (Osmium fixation pH 7.4) (X 5700).
4a
4h
Fiu. 4a. Edge of hair follicle in cross section. Cornification is occurring in the epithelial
cells nearest the lumen. ()< 2420). 4b. Higher power of cells undergoing keratioization. Note
the dark irregular masses, presumahly keratohyalin, accumulating in the cytoplasm.
(X 5700).
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bridges of the stratum spinosum but have been distorted by the protein precipi-
tation of fixation and by the removal of the embedding media. In Figure 2a, how-
ever, there is less distortion of the intercellular bridges and nodules. This illustra-
tion indicates the variations in results which may occur with presumably the same
technic of tissue preparation performed by the same person. In Figure la and 2a,
rows of dense small round to stellate granules can be seen in association with the
intercellular bridges which are probably the nodules of Bizzozero (1 1).
In the sections we have examined to date we have not often observed extension
of the intercellular prickles into the cytoplasm of the epithelial cells. (See Fig.
2a) Laden, Erickson, and Armen (9) have demonstrated them more clearly, how-
ever, and Gessler, et al., have illustrated them in a section of a squamous cell
carcinoma of the skin (6). Laden's observations of intracellular prickles may be
due to the methacrylate embedding media he uses, or to the examination of more
rapidly growing cells which are known to exhibit such fibers most prominently.
In Figure 3 the well known architecture of epithelial cells of the stratum germ-
inativum is illustrated. In the homogeneous nuclei dense nucleoli can be dis-
tinguished as well as a few other tiny dense granules. The nucleoli, as Borysko
and Bang (4) have shown, may exhibit a granular or filamentous structure as in
Figure la. The cytoplasm contains numerous small granules approximately 0.1
micron in diameter. They are quite regular in size and shape and appear singly as
well as in clumps. Positive identification is impossible but we feel that they are
probably mitochondria. They also could be pigment granules or even some struc-
tures associated with the nearby molluscum infection. At the bottom edge of the
basal layer of the epidermis a strand of adherent acellular material has been
noted in several preparations including that seen in Figure 3. Although much of
the connective tissue of the corium becomes separated from the epidermis during
histologic preparation this thin irregular layer which seems to correspond to that
demonstrated with the Hotchkiss-McManus technic by Stoughton and Wells
(17) usually remains attached.
Figure 4a is the cross section of the edge of a hair follicle. The hair itself is not
shown but appeared as a dense homogeneous structure similar to that illustrated
by Baker and Pease (2). The process of cornification can be seen with flattening
of the prickle cells toward the surface, loss of nuclei and the appearance of dense
irregular keratohyalin granules. Figure 4b is a higher power of cells containing
keratohyalin granules. One nucleus can be seen with a nucleolus. The keratohya-
lin granules vary in size, shape, and number and must be distinguished from mito-
chondria, virus particles, etc.
SUMMARY
1. Sections of human skin 0.1 micron thick have been examined with the
electron microscope.
2. Technical details which reduce artifacts in other tissues are equally important
in the preparation of skin:—
a. Osmium tetroxide is superior to formalin or other fixatives.
b. The osmium solution should be buffered to pH 7.2—7.4.
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c. Optimum results are obtained with small pieces of tissue (1 cubic mm)
which are fixed for less than 1 hour.
3. The electron microscope objective with a large opening pole piece system
has been used for the examination of tissue sections because of believed advan-
tages.
4. The greater resolving power of the electron microscope increases the defini-
tion of fine cellular structures. Illustrations of characteristic epithelial cells are
presented which may serve as a basis for comparison with cells altered by patho-
logic processes.
5. Some of the characteristic structures demonstrated include epithelial cells
with their nuclei, nucleoli and cytoplasmic mitochondria; keratinization and
keratohyalin granules; intercellular bridges with the nodes of Bizzozero; and
representative cells of the various layers of the epidermis.
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DISCUSSION
DR. STEPHEN ROTHMAN, Chicago, Ill.: It would be of great importance to know
whether "tonofibrils" actually exist, and if so whether they are continuous
throughout the rete crossing cell borders via the intercellular bridges. Once they
were claimed on X-ray spectrographic evidence to be keratinized fibrils, structures
from which the keratinization of the whole cell originates. But some doubt that
they exist and believe they are artefacts. Could the presenters give us some more
information?
DR. HARVEY BLANK, New York, N. Y.: Our material has not regularly revealed
cytoplasmic extension of the intercellular bridges. Dr. Laden sent me a copy of
his paper (Laden, E. L., Erickson, J. 0., and D. Armen, Electron Microscopic
Study of Epidermal Prickle Cells, J. Invest. Derm. in press) in which he does
demonstrate fibrils but we feel that these fibrils may be artefacts produced by
processing of the tissue. More tissue will have to be examined by various methods
and in different embedding media to establish this point. We would differ with
Laden who feels that the epidermis is a syncytium. Since cells infected with
molluscum become filled with virus and have a thick double walled outer mem-
brane which corresponds with the cell wall, it is unlikely that the infection does
more than accentuate this normal membrane.
